(cg + C,o) chain fatty acids (Dils et al., 1977) .
The long-chain fatty acids synthesized by the rabbit fatty acid synthetase in vitro are released by hydrolytic cleavage of the acyl-enzyme complex by thioesterase I, which is an inherent part of the synthetase complex. This enzyme is, however, only able to cleave long-chain ( >, C,,) thioester acylknzyme complexes (Grunnet & Knudsen, 1978) .
The short-chain (C, + C,) product is released as acylCoA esters (Hansen & Knudsen, 1980) . The transferase involved in the termination of synthesis at short-chain length is most likely the loading transferase, which also is an inherent part of the synthetase complex (Hansen & Knudsen, 1980) . The loading transferase from the rabbit mammary synthetase complex is unable to handle acylchains longer than C, effectively (Knudsen & Grunnet, 1980) . The rabbit mammary synthetase is therefore unable to terminate fatty acid synthesis at medium-chain length by either a thioesterase or acyltransferase reaction.
The explanation for rabbit mammary tissue producing mostly medium-chain fatty acid in vivo is that this tissue contains an additional thioesterase (thioesterase 11). This enzyme, which has a molecular weight of 29000, is able to interact with and hydrolyse the fatty acid synthetase acylknzyme complex when the chain length has reached 8-10 carbon atoms (Knudsen et al., 1975 .
Similar thioesterases have been found in rat mammary gland (Libertini & Smith, 1978) and mice mammary gland (Libertini et al., 1980) , which also synthesize medium-chain fatty acids. The enzyme has also been found in the sebaceous gland of mallard ducks (Rogers et al., 1982) and in aphids (Ryan et al., 1982) .
In contrast, goat mammary gland, which produces short-, medium-and long-chain fatty acids in vivo, does not contain a thioesterase I1 enzyme (Grunnet & Knudsen, 1979~) . Purified fatty acid synthetase from goat mammary gland synthesizes only short-and long-chain fatty acids like the rabbit mammary enzyme (Grunnet & Knudsen, 19796) . However, in the presence of an acyl-CoA-utilizing or -complexing system like the triacylglycerol-synthesizing system from mammary microsomes (Grunnet & Knudsen, 19796,1981; Knudsen & Grunnet, 1982) or bovine serum albumin (Knudsen & Grunnet, 1982) and methylated a-cyclodextrin (Knudsen & Grunnet, 1982) , the purified enzyme synthesizes mainly Vol. 14 short-and medium-chain fatty acids and only a few long-chain fatty acids. The products synthesized in the presence of 2,6-di-O-methyl-a-cyclodextrin have been shown to be short-and medium-chain acyl-CoA esters (Knudsen & Grunnet, 1982) .
The goat mammary fatty acid synthetase loading transferase can, in contrast to the loading transferase in rabbit and rat mammary synthetase, use both short-and medium-chain acyl-CoAs as substrates (Knudsen & Grunnet, 1980) . Amino acid sequence studies of the active site domain of the malonyl-, acetyl-and decanoyltransferases from goat mammary synthetase show that all these activities are catalysed by the same active site (Mikkelsen et al., 1985a, b) .
The loading transferase of the goat mammary gland fatty acid synthetase is therefore responsible for loading both acetyl and malonyl moieties on the enzyme and for unloading medium-chain-length acyl moieties back to CoA.
The fact that goat mammary gland fatty acid synthetase requires an acyl-CoA-removing system in order to synthesize medium-chain fatty acid indicates that there must be a close interaction between fatty acid synthesis and triacylglycerol-synthesizing enzymes in vivo. Experiments in vitro also indicate that this is the case. More than 90% of decanoyl-CoA synthesized by goat mammary synthetase in vitro is incorporated into triacylglycerols in the presence of the goat mammary microsomal fraction. In contrast, only 20% of the same amount of decanoyl-CoA added to the microsomal fraction alone under identical conditions is incorporated into triacylglycerols (J. Knudsen & H. G. Hansen, unpublished work) . Evidence that this close interaction also occurs in vivo has been obtained from immunohistochemical studies, where it was shown that fatty acid synthetase is localized exclusively on the rough endoplasmic reticulum in dispersed lactating goat mammary cells (J. Knudsen & H. C. Hensen, unpublished work).
Short-and medium-chain fatty acids are found mainly in the sn-2 and sn-3 position in goat milk triacylglycerols. The sn-1 position always contains a long-chain fatty acid (Parodi, 1982) . Studies in vitro have shown that the rate of medium-and short-chain fatty acid synthesis de novo is dependent on the rate of activation of exogenously added fatty acids (Hansen et al., 1984) . A sufficient amount of activated exogenous long-chain fatty acid is necessary for the initial acylation of the sn-l position on the glycerol 3-phosphate backbone. Excess amounts of activated long-chain fatty acids will compete effectively with medium-chain fatty acids for the sn-2 and sn-3 position of triacylglycerols and thereby inhibit the synthesis de novo of these fatty acids (Hansen et al., 1984) . The reason for this is that long-chain acyl-CoAs are the preferred substrate for acylation of all three positions on the glycerolphosphate in ruminant mammary gland (Marshal & Knudsen, 1980) . Experiments with dispersed goat mammary gland cells confirm the results from the above studies in vitro. Low concentrations of palmitic acid in the incubation medium stimulated fatty acid synthesis de novo but the stimulatory effect was lost when the concentration was increased. In contrast, oleic acid and stearic acid inhibited synthesis de novo at all concentrations tested (J. Knudsen & H. 0. Hansen, unpublished work) . These results indicate that both the amount and the fatty acid composition of fat supplemented to ruminant feed will effect the synthesis of fatty acid in the mammary gland directly.
Role of cer-cqu in epicuticular wax biosynthesis
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The mixture of rather non-polar, very-long-chain lipids present on the outermost surfaces of plants are called epicuticular waxes. Their carbon chains are believed to be constructed via elongases, enzyme complexes similar to fatty acid synthetase which use fatty acid synthetase intermediates or products as primers. Subsequent action of associated enzyme systems, for example decarboxylative or reductive, gives rise to the different lipid classes. In barley, 1580 eceriferum (cer) mutants localized to 78 genes are known (Sragaard et al., 1984; U. Lundquvist, personal communication) to affect synthesis and/or deposition of surface lipids. The latter can be divided into two groups on the basis of the elongase involved in their syntheses: an acyl elongase catalyses the formation of acyl lipids (hydrocarbons, free and esterified alkan-I-ols, aldehydes and free acids) while the fl-ketoacyl elongase particpitates in that of the 3-oxoacyl lipids (8-diketones, hydroxy-fl-diketones, esterified alkan-2-01s and esterified 7-oxoalkan-2-01s). This paper summarizes available knowledge on synthesis of 3-oxoacyl epicuticular lipids and the role of the cer-cqu gene-determined multifunctional polypeptide with emphasis on recent results updating previous reviews (von Wettstein-Knowles, 1979 , 1982 .
Genetic analyses (von Wettstein-Knowles & Ssgaard, 1980) of mutations modifying the phenotype of spike epicuticular waxes led to the identification of three complementation (functional) groups, cer-c, -q and -u, located on chromosome 4. Test cross-analyses revealed that any pair of the three investigated markers, cer-c3, -q35 and -u5', were within 0.025 cM of one another, with the best approximation of the distance being 0.0012 cM. Their linear sequence within the region henceforth designated cer-cqu is unknown. Among the 522 mutants mapped to this locus, 13 belong to more than one complementation group with all possible pairwise and the triple combinations being identified. To determine whether the induction of these multiple mutants was caused by single rather than by two or three simultaneous mutational events, appropriately marked genetic stocks were constructed and seeds thereof treated with NaN,. From all I3 multiple mutants, reversions to wild type were obtained with frequencies ranging from 1.3 to 15.1 x (von Wettstein-Knowles & Ssgaard, 1982; P. von Wetstein-Knowles & B. Sragaard, unpublished work). Genetic analyses of the 36 cer-cqu revertants obtained is in progress. Thus far crosses of nine of the homozygous revertants (cer-~qu~~' R : I , -qu7', R : I , -qu9" R : 1, and -qu813R:2) to wild-type Bonus gave wil type F, plants which when selfed gave progenies consisting of 3 19-626 wild-type individuals. These nine revertants are most likely due, therefore, to mutational events within the cer-cqu gene. By contrast when the homozygous revertant (cer-cquW7 R : 2) was crossed to cer-cquW7 homozygous plants and the resulting F, wild-type plants selfed, an F, progeny consisting of 827 wild-type and 59 cer plants was obtained. This result reveals that in this case the reversion of cer-cquW7 to wild type is attributable to mutation of another gene to an allele which acts as a dominant suppressor of ~e r -c q u~~~. Furthermore, the suppressor gene is most likely unlinked to the cer-cqu region.
The just described genetic analyses intimate that cercqu determines a polypeptide having at least three functional domains corresponding to the complementation groups cer-c, --q and -u. Furthermore, the polypeptide functions as a multimer with a minimum of two units. To attack the question of the nature of these functions, compositional analyses of the wax present on various organs of wild-type and cer barleys including a mutant belonging to each of the specified complementation groups was initiated. The results led to two important deductions regarding barly wax biosynthesis (von Wettstein-Knowles, 1972 . Firstly, the epicuticular lipids are synthesized by two parallel elongation systems, subsequently desi nated acyl and 8-ketoacyl. Secondly, c e r d 6 , -q4, and -u create blocks at three different sites within the latter branch (Fig. 1) . That is, the site of action for cer-q4, is previous to a precursor of both the 8-diketones and esterified alkan-2-ols, for beyond the common precursor in the formation of B-diketones and for -u6' in the insertion of a hydroxyl group into the 8-diketone carbon chain. Additional recent analyses, as illustrated in Table 1 , reveal that cer-cqu mutants can be divided into at least six distinct phenotypic classes on the basis of the composition of their spike waxes. Moreover, mutants belonging to different complementation groups r 8 ' 3 R : -q P R : 2 -cquW7 R : I , -cquW7 R : 3, -cu9,' R : I ,
